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Objective: The objective of this study was to cross-culturally adapt and validate the Arabic version of the
Knee injury and Osteoarthritis Outcome Score (KOOS) among a sample from Egyptian populace.
Methods: This version was obtained with forward/backward translations and pre-testing. The Arabic
KOOS, the RAND-36-Item Health Survey (RAND-36) questionnaire, visual analogue scales (VAS) of pain
and a form for patient characteristics were used. Testeretest reliability and internal consistency were
assessed, using Intraclass Correlation Coefﬁcient (ICC) and Cronbach’s alpha, respectively. The dimen-
sionality was assessed, by factor analysis and construct validity by using a priori hypothesized correla-
tions with the RAND-36. Ceiling/ﬂoor effects and measurement error were tested as well.
Results: No major difﬁculties were encountered during the translation and pre-testing stages. Reliability
was acceptable with Cronbach’s alpha coefﬁcients between 0.80 and 0.95, and ICCs ranging from 0.88 to
0.96 for the KOOS subscales.
Factor analysis was performed on the whole study population and the results indicated that all items of
the Arabic KOOS loaded on one factor, which ranged from 0.34 to 0.89. Construct validity was supported
by the conﬁrmation of all priori hypotheses by the presence of higher correlations between similar
constructs than between dissimilar constructs of the KOOS subscales, RAND-36 subscales and VAS. Floor/
ceiling effects were considered not to be present.
Conclusion: The Arabic KOOS is a reliable and valid instrument that can be self-administered to Egyptian
patients and provides a valuable basis for research and clinical projects focussing on patient-based as-
sessments in anterior cruciate ligament (ACL), meniscus and combined injures of knee. Further studies to
validate the Arabic version of the KOOS using females and elderly population with different knee
problems and various educational levels in other Arabic counties are highly recommended.
 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
One of the most signiﬁcant discussions in clinical outcome
research is the evaluation of the beneﬁts and cost effectiveness of
new diagnostics, surgical intervention and rehabilitation for the: A. Almangoush, College of
of Salford, Salford M6 6PU,
.uk, salford2013@gmail.com
s Research Society International. Pmanagement of knee injuries1. One of the most widely used sub-
jective knee measurement tools is the Knee injury and Osteoar-
thritis Outcome Score (KOOS), this study is planning to evaluate
patients’ views about their knee injuries and related problems us-
ing this measurement tool. This tool is a comparatively new, simple
self-administered instrument developed to assess both the short
and long-term symptoms and function of people suffering from
knee injuries and osteoarthritis (OA)2. There is already available
literaturewhich demonstrates strong ﬁndings relating to reliability,
validity and responsiveness of KOOS for people who have a number
of different knee pathologies, injury periods, ages and activity
levels3. It has been translated and culturally adapted into differentublished by Elsevier Ltd. All rights reserved.
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Persian6 and Italian7. However, there is no Arabic version available
at present.
In order to administer this questionnaire to Arabic-speakers in
Egypt a rigorous process of cross-cultural adaptation and validation
is required in order to reach equivalence between the original
publication and target version of the questionnaire8. The major
consideration with this kind of application is the process of eval-
uating it across cultures; even items well translated linguistically
need to be adapted culturally in order to preserve the content
validity of the instrument8. The aim of the present study is to
translate and culturally adapt KOOS into Arabic to suit Egyptian
patients with various knee injuries and to test its psychometric
characteristics (reliability, validity and dimensionality).
Material and methods
Before this study began permission to adapt the original version
was granted from Professor. E.M. Roos. The study was approved by
Alexandria Knee Centre and Salford University (Ethical Application
HSCR 12/16).
Translation and cross-cultural adaptation
This process followed previously established guidelines8. The
American/English KOOS2 was translated into Arabic by three Egyp-
tian Arabic native speakers (one physical therapist experienced in
knee rehabilitation, one orthopaedic surgeon specialist in knee sur-
gery and one professional translator). The obtained Arabic trans-
lations were back translated to American/English by two teachers of
English and one English professional translator all of whom were
native American/English speakers, none of whom had prior knowl-
edge of the original version. The translations and back translations
were discussed by a multidisciplinary committee consisted of ﬁve
bilingual speakers: Two orthopaedic surgeons [one of them had an
anterior cruciate ligament (ACL) reconstruction recently], a physio-
therapist, a psychologist and a professional translator. The committee
reviewed the translations and reached a consensus on any discrep-
ancy to develop a pre-ﬁnal version of the questionnaire for ﬁeld
testingandproduced translationswhichwouldbecomprehensible to
amajorityofpeople, using language that couldbeunderstoodbya12-
year-old child8. The advantage of having all translators presented to
the committee is that discrepancies can be modiﬁed and inappro-
priate items rejected. New items can be generated and any
word changes done immediately. Items, instructions, response op-
tions and scoring documentation were all considered. The pre-ﬁnal
version was tested by 37 Egyptian patients from various areas in
Egypt, speaking Arabic and suffering from ACL, meniscus and com-
bined injuries completed the questionnaire and the following in-
terviews to conﬁrm that the all items of the questionnaire were
understandable and included all the expected concepts. Finally, a
committee meeting took place to develop the ﬁnal version of the
Arabic KOOS questionnaire based on the ﬁndings of the pilot. The
cross-cultural adaptation of the KOOS required not only translation
but adjustment of cultural words, idioms, and colloquialism. This
process involved substantial transformation of some items to capture
the essence of the original concepts, therefore simple formal Arabic
words with colloquial idioms that could be understood easily were
adapted to make the questionnaire clear and understandable8.
Patients
From June to Oct 2012, a convenient sample of 129 patients with
knee injuries was recruited from the Alexandria Knee Centre, Egypt.
Subjects were informed about the study and gave their consent toparticipate, the inclusion criteria were patients diagnosed as ACL,
meniscus and combined injuries by their orthopaedic surgeon(s),
based on clinical and Magnetic Resonance Imaging ﬁndings (MRI),
an age of 18 years or older. All patients were Egyptian and Arabic
native speakers with good educational levels in order for them to
understand and answer the questionnaire. The exclusion criteria
were the involvement of other joints affecting lower extremity or
lower back, OA, neurological or vascular conditions and psychiatric
disorders. A self-report instrument package (patient’s characteris-
tics, the KOOS and RAND-36-Item Health Survey 1.0 questionnaire
with visual analogue scale (VAS) of pain) was distributed to each
patient, directly after their enrolment to the study, for them to
complete unaided during a visit to the surgeon’s clinic.
Instruments
The KOOS is a 42-itemself questionnaire with ﬁve subscales:
Pain (P), Symptoms (S), Activities of Daily Living (ADL), Sport and
Recreation (Sport/Rec) and Knee-related Quality of Life (QoL). A
ﬁve-point Likert scale ranging from 0 (no problem) to 4 (extreme
problems) was used to score each item and the scores of each
subscale were individually transformed into a 0e100 scale
(0 ¼ extreme knee problems, 100 ¼ no knee problem)2.
The Arabic version of RAND-36 generic self-administered in-
strument of health status consists of eight subscales: Physical func-
tioning, Role limitations due to physical problems, Role limitation
due to emotional problems, Vitality, Emotional well-being, Social
Functioning, Pain andGeneral health9. The subscales are scored from
0 to 100, with higher scores indicating better health status.
The VAS numeric distress scale ranged from 0 (no problem) to
10 cm (extremeproblem)was used to assess the average of intensity
of the overall impression of knee pain during the last week. The VAS
has been found to be reliable and valid in evaluating patients with
knee-speciﬁc conditions10. The above scales were accepted to
establish the validity of KOOS in the original and other versions.
Psychometric scale properties and data analysis
Acceptability
This was assessed by studying the percentage of: 1. refusals, 2.
completed questionnaires, 3. missing items, and time taken to
complete the questionnaire, as well as the acceptability of the
questionnaire, which comprises of the percentage of items, items
that were hard to understand or confusing, and the willingness to
ﬁll out the questionnaire a second time.
Reliability
Internal consistency was calculated on the ﬁrst administration
using Cronbach’s alpha which considered acceptable if the value is
0.70 or above11. Patients were provided with stamped envelopes
addressed to the researcher, in which to return the second group of
questionnaires. A follow-up phone call on the seventh day
reminded the patients to complete the second group of question-
naires. Any questionnaires arriving later than 5 days after the
scheduled date of completion were excluded. To minimize the
chance of memorisation the pages of KOOS questionnaire were
covered by the pages of the RAND-36 questionnaires which had to
be answered and returned together as one questionnaire. Finally,
112 (87%) of the participants returned the completed questionnaire
after the allotted week. The testeretest stability was assessed by
Intraclass Correlation Coefﬁcient (ICC) that was equal or greater
than 0.7 was considered acceptable11.
Measurement error is the systematic and random error of a
patient’s score that is not attributed to true change in the construct
to be measured. Standard error of measurement (SEM) for absolute
Table I
Results of factor analysis: the 42-item of Arabic version of the KOOS questionnaire loaded on one factor
KOOS subscales and items Factor 1
P
P1. How often do you experience knee pain? 0.887
P2. Twisting/pivoting on your knee? 0.842
P3. Straightening knee fully? 0.714
P4. Bending knee fully? 0.746
P5. Walking on a ﬂat surface? 0.575
P6. Going up or down stairs? 0.806
P7. At night while in bed? 0.681
P8. Sitting or lying? 0.729
P9. Standing upright? 0.707
S
S1. Do you have swelling in your knee? 0.652
S2. Do you feel grinding/friction, hear clicking/cracking or any other type of noise when your knee moves? 0.789
S3. Does your knee jam or lock when moving? 0.508
S4. Can you straighten your knee fully? 0.530
S5. Can you bend your knee fully? 0.621
S6. How severe is your knee joint stiffness after ﬁrst wakening in the morning? 0.721
S7. How severe is your knee stiffness after sitting, lying or resting later in the day? 0.636
ADL
ADL1. Descending stairs 0.829
ADL2. Ascending stairs 0.787
ADL3. Rising from a sitting position 0.736
ADL4. Standing 0.731
ADL5. Bending to ﬂoor/pick up an object 0.658
ADL6. Walking on a ﬂat surface 0.581
ADL7. Getting in/out of a car 0.726
ADL8. Going shopping 0.758
ADL9. Putting on socks/stockings 0.703
ADL10. Rising from bed 0.845
ADL11. Taking off socks/stockings 0.732
ADL12. Lying in bed 0.719
ADL13. Getting in/out of bath 0.742
ADL14. Sitting 0.738
ADL15. Getting on/off toilet 0.778
ADL16. Heavy domestic duties 0.876
ADL17. Light domestic duties 0.797
Sport/Rec
Sport/Rec1. Squatting 0.758
Sport/Rec2. Running 0.842
Sport/Rec3. Jumping 0.728
Sport/Rec4. Twisting/pivoting on your injured knee 0.772
Sport/Rec5. Kneeling 0.849
QoL
QoL1. How often are you aware of your knee problem? 0.665
QoL2. Have you modiﬁed your life style to avoid potentially damaging activities to you knee? 0.343
QoL3. How much are you troubled with lack of conﬁdence in your knee? 0.707
QoL4. In general, how much difﬁculty do you have with your knee? 0.812
The lowest loading factors are in bold ﬁgures.
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(SD) and the calculated ICC andwas collectedwithin the population
sample of the study according to the following formula: SEM ¼ SD
O(1  ICC)16.
Dimensionality
This was assessed by performing principal component factor
analysis on the whole study population to determine if the indi-
vidual items loaded on a single factor. Failure to load on a single
factor suggests that the items in the scale do not all estimate the
same aspect. A value criterion of 1.0 was used for these factor an-
alyses15, and the results are given in terms of the percentage of
variance in the scale score explained by the principal factor. The
numbers of meaningful factors based on the Scree plot were
identiﬁed; the interpretation of the factor solutions accepted, then
the factor structure and factor loadings after vari-max rotation
were examined. The factor analysis was performed to determine
whether the KOOS questionnaire actually consists of ﬁve subscales.Validity
Construct validity was conﬁrmed through Pearson correlation
coefﬁcient (r) and it addressed the ability of whether the ques-
tionnaire measured what it was intended to measure11. Evidence
for construct validity can only be accumulated by a priori hypoth-
esized pattern of associations with other related and validated in-
struments11,12. Construct validity was assessed by comparing the
KOOS with the VAS and the subscales of the RAND-36. It was
hypothezised that: (1) correlations between the KOOS Pain and
RAND-36 pain subscale would be high; (2) negative correlations
between the KOOS subscales and VAS should be moderate to high;
(3) correlations between the KOOS ADL and Sport/Rec subscales
and the SF-36 Physical function subscale would be high; and (4)
correlations between the KOOS subscales and the RAND-36 sub-
scales of Physical Health (Physical functioning, Role limitations due
to physical problems and Pain) would be higher than those be-
tween the KOOS subscales and the RAND-36 subscales of Mental
Health (Role limitation due to emotional problems, Vitality,
Table III
Validity: Pearson’s correlation between Arabic KOOS, VAS and SF-36 subscales*
Outcome measures P S ADL Sport/Rec QoL
VAS 0.805 0.726 0.784 0.735 0.707
RAND
SF-36
Physical functioning 0.810 0.767 0.808 0.711 0.659
Role limitations due to
physical health
0.488 0.504 0.529 0.514 0.642
Role limitations due to
emotional problems
0.265 0.314 0.346 0.351 0.464
Vitality 0.709 0.664 0.720 0.634 0.755
Emotional well-being 0.562 0.526 0.565 0.575 0.621
Social Functioning 0.689 0.586 0.667 0.548 0.478
Pain 0.825 0.755 0.787 0.784 0.639
General health 0.665 0.609 0.588 0.556 0.570
* Correlation is signiﬁcant at the 0.01 level (two-tailed).
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Pearson correlations: r < 0.30 ¼ low; 0.30 < r < 0.60 ¼ moderate;
r > 0.60 ¼ high were used to assess construct validity13. The
construct validity of the KOOS questionnaire was deﬁned as good if
75% of the hypotheses were conﬁrmed11.
Floor/ceiling effects
If ﬂoor or ceiling effects are present, it is likely that extreme
items are missing in the lower or upper end of the scale, indicating
limited content validity11. Floor and ceiling effects refer to speciﬁc
limitations encountered when measuring health status scores. An
awareness of these limitations is important because of the prob-
lems that can occur in the interpretation of the results obtained
regardless of the domain being measured or the instrument that is
being used. Floor/ceiling effects were considered present if more
than 15% of the participants achieved either the lowest-possible or
highest-possible score of the scale11. The analyses were made using
SPSS 20.0 software.
Results
Subjects
The study included 99 males (76.7%) and 30 females (23.3%)
with a mean age of 30.8 years; 63 (48.8%) married; 68 (52.7%)
employed, 34 (26.4%) students and 27 (20.9%) self employed; 93
(72.1%) practice sports regularly; 49 (38.0%) had ACL injuries, 36
(27.9%) meniscus injuries, and 44 (34.1%) combined injuries. The
mean duration since of knee injuries till operations was 7.2 months
with range (1e36) months and mean period of 5.4 months with
range (3e9) months postoperative.
Assessment of psychometric properties
Acceptability
Acceptability of the Arabic KOOS: The questionnaires were
completed in 98.4% of cases. The amount of missing data was only
0.21% of all answered items, indicating that the questionnaire had
good acceptability. The questionnaire completion took typically 9e
12min. Only 0.31% of the itemswere considered to be confusing. No
multiple answers were found. All respondents were prepared to ﬁll
out the questionnaire for a second time and 87% returned the
questionnaire a second time.
Dimensionality
Factor analysis: The Scree plot indicates that two factors may be
adequate to describe the data. This initial solution accounted for
58.7% of the total variance for the Arabic version of the KOOS
questionnaire (eigenvalue of 22.4 for the ﬁrst factor and 2.2 for the
second factor). Many items loaded on both factors when the two
factor solutions are used. Therefore, a forced one-factor solution
was chosenwhich accounted for 53.3% of the variance. The loading
factors ranged from 0.34 to 0.89. The loading factor of the questions
S3, S4 and QoL2 was lowest but QoL2 was even lower than 0.40 as
this indicated in Table I.Table II
Mean KOOS scores (0e100, worst to best scale) at test and retest administrations 1 wee
KOOS subscales Mean (SD) Median Range % Floor effect
Pain 25.97 (18.95) 25.0 3e72 0
Symptoms 24.20 (15.65) 21.4 4e64 0
ADL 22.81 (16.99) 17.6 0e62 0
Sport/Rec 42.29 (23.31) 40.0 5e100 1.6
QoL 25.97 (18.95) 43.8 3e72 0Reliability
Table II presents the Cronbach’s alpha of all subscales of the
KOOS questionnaire which ranged from 0.804 to 0.954 and indi-
cated a good internal consistency of all items in these subscales.
ICCs ranged from 0.875 to 0.957 and this indicates a strong rela-
tionship between the data collected on these two occasions. There
were no differences between the means of testeretest values. The
SEM ranged for all subscales of the KOOS questionnaire between
3.5 and 6.7.
Construct validity
Table III shows the correlations between the scores of KOOS, VAS
and the RAND-36 subscales. A priori hypotheses were supported
and conﬁrmed in 75% of cases by the presence of the high corre-
lation between KOOS Pain and RAND-36 pain (r ¼ 0.825), high
negative correlations between the KOOS subscales and the VAS
(r ¼ 0.805 to 0.707), high correlation between KOOS ADL and
RAND-36 Physical functioning (r ¼ 0.808) and high correlation
between KOOS Sport/Rec and RAND-36 Physical functioning
(r ¼ 0.711). Higher correlations were found between KOOS sub-
scales and RAND-36 subscales of Physical Health than between
KOOS subscales and RAND-36 subscales of Mental Health with the
exception of correlations between the RAND-36 Role limitations
due to physical problems subscale and the KOOS subscales, which
were moderately lower than expected.
Floor/ceiling
As there were only four subjects (3.1%) who scored the highest
value at ADL subscale and only two subjects (1.6%) who scored the
worst possible scores in the subscale Sport/Rec, we consider that
the ﬂoor or ceiling effects were not present in the Arabic KOOS,
because these values are less than 15%11.
Discussion
There is a need for a reliable and valid instrument of Arabic
versions of KOOS that can be used to conduct research andmeasure
outcome in people with knee injuries in Arabic countries. There is
at present no valid and tested version of KOOS for use in Arabick apart, testeretest reliability and internal consistency
% Ceiling effect Cronbach’s alpha (a) ICC (95% CI) S.E.M
0 0.916 0.954 (0.934e0.968) 4.1
0 0.821 0.931 (0.901e0.952) 4.1
3.1 0.954 0.957 (0.939e0.970) 3.5
0 0.906 0.941 (0.915e0.959) 5.7
0 0.804 0.875 (0.823e0.912) 6.7
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the English-American version of the KOOS questionnaire into
Arabic. The psychometric properties of the translated version were
evaluated and found to be satisfactory. The rigorous testing for
reliability and validity performed in this study demonstrated that
the questionnaire could provide reliable results for other research
studies. The participants in this study had received knee surgery
(meniscectomy or/and ACL reconstruction) and the percentages per
case of pathological conditions in the present study did not differ
from those in the sample of Salavati et al.6 and Seo et al.5 studies,
and were bigger than other similar studies, giving the sample
ecological validity.
The acceptability of an Arabic version of KOOS was in general
very good, no disturbing questions, few confusing items, very low
percentage of missing data for items and scales, and the time taken
to complete the questionnaire was relatively short. These facts
conﬁrm the absence of problems related to translation, and that it is
a reliable and valid measure for Egyptian patients with a variety of
knee injuries. The mean score of the sport and recreation function
subscale was markedly higher than the scores of other KOOS sub-
scales, and have been previously reported6,7, however this result
could be related to the age of the patients (mean age 30.8 years) and
the fact that 71% of them practice sports regularly.
The testeretest reliability coefﬁcients were high for all subscales
in the present study, with ICCs ranging from 0.875 to 0.957,
revealed satisfactory stability of KOOS over time in our participants.
This is comparable to ﬁndings in studies done in other languages
with similar conditions including the original study 0.75e0.93 by
Roos et al.2 and 0.75e0.89 by Seo et al.5, 0.61e0.91 by Salavati et al.6,
0.85e0.95 and byMonticone et al.7 The methodology chosen in this
current study for reliability testing is comparable to other studies6,7.
The internal consistency was satisfactory for all of ﬁve subscales,
with the correspondent items properly correlated with each other.
This was consistent with similar patient groups of versions of
Italian (0.78e0.98)7, Persian (0.74e0.96)14 and slightly better than
the Korean (0.73e0.81)5. Our results are in line with a study carried
out by ElMeidany et al.17, using the translated version of the original
Health Assessment Questionnaire (HAQ) in 184 Arabic patients
with rheumatoid arthritis (RA), from different Arabic countries and
42% of them are Egyptian, they found Cronbach’s alpha to be strong
reliability for the subscales ranging from 0.94 to 0.9517 which is
very similar to our study.
In the present study, the factor analysis was performed on the
whole study population and showed that all items of the Arabic
version of the KOOS questionnaire loaded on one factor. These re-
sults are in line with the conclusion of de Groot et al.18 and in
contrast with the Swedish version of the KOOS questionnaire, when
the KOOS items loaded on ﬁve factors19, only these two previous
studies used factor analysis to investigate KOOS. Also, our results
are in contrast with other studies that used factor analysis of a
sample of 103 participants with knee OA to test the Arabic trans-
lation version of Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC), but they had extracted four extra
factors20. In the present study, the factor loading of the question
QoL2 (Have you modiﬁed your life style to avoid potentially
damaging activities to your knee) was lower than 0.40 suggesting
that this item might be excluded from the questionnaire21 for this
population. In our preliminary results we retained in our analyses
the original subscales of the Swedish version of the KOOS ques-
tionnaire19. However, based on our ﬁndings we would recommend
additional factor analyses on other data sets, before changing items
or subscales of the Arabic version of the KOOS questionnaire.
Construct validity was supported by the presence of higher
correlations between the KOOS subscales and RAND-36 subscales
measuring similar constructs (convergent construct validity) andlower correlations between the subscales measuring dissimilar
constructs (divergent construct validity). These ﬁndings are similar
to those of the original developers2 and most cross-national ad-
aptations6,7. It is noted that KOOS subscales correlated weakly with
RAND-36 Role limitations due to emotional problems as seen in the
original KOOS validation study2 and other adapted versions. Only 1
value had unanticipated ﬁndings, that was the relatively low cor-
relations between the RAND-36 Role limitations due to physical
problems subscale and the KOOS subscales. This could be due to the
younger age of the patients included in our study than other
studies. Also, our participants having ACL, meniscus and combined
rather than OA and having a relatively short period since injury
mean that secondary disability had not yet occurred. The level of
economic and educational status could also be the cause. VAS
scores were moderately negatively correlated with KOOS scores,
results that were compatible with the recent Italian version7.
A limitation of this present study is that the questionnaire was
only administered to younger individuals with ACL and meniscal
knee injuries, further work may be required administering the
questionnaire to those individuals with knee OA of an older age.
Future research is proposed to assess the responsiveness of the
questionnaire which makes it a valid instrument for evaluation of
the effectiveness of surgical and rehabilitative interventions.
Although, this questionnaire was translated into an Arabic language
so that it could be easily understood by all Arabic speaking com-
munities in urban and rural subcultures, some caution is needed in
interpreting the results of this study. It should be noted that the
cohort of patients studied is not representative of the general pa-
tients with knee problems, such as women, older people, and those
with a low level of education and poor economic status. This would
give emphasis to the need for further research with a wider group
of participants.
In conclusion, the Arabic version of KOOS is a valid and reliable
instrument for Egyptian patients with various knee injuries. Also
could be used for all Arabic knee patients anywhere, because it is an
understandable language for any Arabic people due to public and
common use in the TV and media.
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